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COMPRESSION MOLDING APPARATUS HAVING 
VACUUM CHAMBER 

In one aspect this invention relates to molded thermo 
set articles. In a further aspect this invention relates to 
methods for making a thermoset molded article from 
?ber reinforced resin compounds. In yet a further as 
pect, this invention relates to equipment useful in mak 
ing thermoset articles. 
There has been an increased commercial use of parts 

which are molded from ?ber reinforced resinous ther 
mosetting materials. Such parts are generally made by 
compressing a mixture of resin and reinforcing ?bers in 
a mold. The mold is generally formed of two or more 
pieces collectively called a mold set which is mounted 
within a press. When the separate dies of the die set are 
brought into proximity, these form a mold cavity which 
has the con?guration of the ?nished part. The molds 
have associated heating means to heat and cure the 
resinous material to its thermoset condition. The materi 
als most commonly used in molding techniques of this 
kind are resins which contain reinforcing ?bers, such as 
glass, polyaramide or carbon ?bers. The resin materials 
may also contain one or more solid particulate ?llers. In 
general, such compounds are relatively viscous at room 
temperature and cure upon the application of heat via 
the heated mold set to a thermoset rigid condition. 
The resin materials are generally formed into a sheet 

molding compound for ease of handling, several sheets 
can be stacked forming a charge having a thickness 
greater than the ?nished part to be formed into a desired 
shape. Such a charge is placed on the lower mold half 
and upon the application of pressure and mild heat from 
the dies, the sheet molding compound flows to ?ll the 
mold cavity. 

Because the parts formed using these molding tech 
niques are frequently complex in shape and include 
various ribs, bosses and other projections or complex 
dimensional con?gurations, not all portions of the mold 
are ?lled simultaneously. The uneven ?lling rate within 
the mold causes air to be entrapped within the molded 
part resulting in substantial porosity. The uneven ?lling 
can cause insuf?cient dispersion of the constituents 
within the mold. The porosity and non-uniform distri 
bution, particularly of reinforcement ?bers, cause sur 
face problems. Air entrapment between layers will also 
create the aforementioned problems and lack of durabil 
ity. 

Surface defects on the parts are undesirable for a 
number of different reasons. Many of the molded parts 
require that the part be capable of receiving a smooth 
glossy ?nish such as that commonly applied to painted 
metal surfaces in order to blend in properly with assem 
blies to which the part is attached. Secondly, a part with 
defects and excessive porosity requires additional labor 
and processing to repair the defects prior to ?nishing. 
Such extra steps result in substantial extra costs thereby 
lessening the ability of sheet molded compound parts to 
compete with ordinary metal stamping or castings. 
One method by which people have attempted to 

reduce surface porosity and increase the as molded 
smoothness of parts is reported in, The 33rd Annual 
Technical Conference, 1978, Reinforced Plastic Compos 
ite Institute, Section 9-F, pages 1-7. This article written 
by Gorsuch, et al, describes an attempt to make a low 
pro?le type sheet molding compound compression 
molding by drawing a vacuum on the mold cavity dur 
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2 
ing molding. The authors of this article report that 
while there was an improvement in some areas of mold 
ing problems, there was “ . . . however, simultaneously 

a generally acceptable increase in roughness and macro 
porosity . . . ”. This article is indicative of the opinion 
held by those skilled in the sheet molding compound art 
that molding under vacuum was an unacceptable tech 
nique for achieving a smooth non-porous structure. 
A method of making smooth surfaced parts by com 

pression molding which has met with commercial su 
cess is the concept of applying a coating to an already 
molded part without removing it from the mold in 
order to provide a smooth pore free surface. 
One typical example of such a technique and com 

pounds useful therein is found in US. Pat. No. 
4,081,578, issued to Van Essen, et al. This patent de 
scribes a method for coating a compression or injection 
molded part which has been completely cured to elimi 
nate surface defects. The method includes placing a 
curable thermosetting coating composition on the sur 
face of the article to be coated while the article is re 
tained within the mold. After the coating has been ap 
plied to the part in the mold, the mold is closed and 
sufficient pressure is applied to the thermosetting coat 
ing to cause the coating composition to substantially 
uniformally cover and penetrate the surface of the 
coated article. Since injection molding of thermoset 
materials is done with heated molds, the heat present in 
the molds is used to cure the coating composition and 
bond it to the underlying surface being treated. The 
resulting coated article is removed from the mold. The 
applied coating provides an article with a substantially 
smooth surface with pores and voids ?lled. 
The coating technique will generally provide a 

smooth molded surface covering any defects present in 
the part. However, such a solution requires that the part 
remain in the mold and a second operation be per 
formed. The requirement for additional operations on 
the part consumes valuable machine time and lessens 
the amount of production which can be gained from a 
single mold. Further, the techniques require the use of 
sophisticated coating techniques to insure that the coat 
ing will properly bond to the surface of the part being 
coated and will be compatible and ?ll the porosity on 
the surface. Also, this technique requires sophisticated 
application mechanisms to insure that the proper dosage 
of coating compound is properly dispersed within the 
mold so that the coating uniformly covers the surface 
being treated. 

Brie?y, a method and apparatus have been developed 
which allows sheet molding compounds to be molded 
under a vacuum without substantial increase in macro 
porosity or surface roughness resulting in an acceptable 
part which can be painted or otherwise ?nished and 
which is produced with no need for additional ?nishing 
steps or coating either within or without the mold. 
Also disclosed is an apparatus which allows the vac 

uum used in this invention to be properly applied to 
sheet molding compounds to minimize the loss of vola 
tile agents contained within the resins. 
The method of this invention is useful in compression 

molding a sheet molding compound using heated dies 
which when closed form a mold. In general, the method 
comprises the steps of placing the compound to be 
molded within the mold cavity when the dies are open. 
The dies are closed to a partially closed position to 
engage a vacuum seal, thereby sealing the mold cavity 
and surrounding area to form a vacuum chamber, with 
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out the upper die contacting the sheet molding com 
pound contained within the mold cavity . The vacuum 
chamber is then evacuated to a reduced pressure of less 
than 7 inches of mercury absolute followed by closing 
the dies to a fully closed condition. Upon closing the 
dies, the sheet molding compound will spread and ?ll 
the mold. Upon reaching the fully closed position 
wherein the sheet molding compound has completely 
?lled the mold, the mold cavity is again returned to 
atmospheric pressure while the molding pressure is 
maintained on the part during the remainder of the 
curing cycle. 

After the part is thoroughly cured, the dies are 
opened allowing the removal of the ?nished part. In one 
embodiment of the apparatus of this invention a plural 
ity of vacuum storage tanks are ?uidly connected to the 
vacuum chamber. The vacuum tanks can be activated 
sequentially to withdraw a portion of the air within the 
mold cavity into the vacuum storage tank. 

In the accompanying drawing: 
FIG. 1 is a flow diagram illustrating the basic method 

of the present invention; 
FIG. 2 is a cross-sectional view of an open mold and 

sheet molding compound prior to compression mold 
"lg; ' 

FIG. 3 is a sectioned side view of the mold of FIG. 3 
in a partially closed, vacuum applying, position; 
FIG. 4 is a sectional side view of the mold of FIG. 3 

in the fully closed compression molding position; 
FIG. 5 is a schematic diagram showing an arrange 

ment for applying a vacuum to the mold cavity useful in 
the practice of this invention; and 
FIGS. 6-8 show various means for sealing the mold 

cavity. 
FIGS. 2 through 4 depict the major steps in the se 

quence of molding operations employed while carrying 
out the process of the present invention. A compression 
die set 10 has an upper moveable die 12 mounted on a 
moveable upper platen 14 and a lower ?xed die 16 
mounted on a ?xed bed 18. The upper and lower dies 
12, 16 are complementary and form a mold in the closed 
position. The upper and lower dies 12, 16 slideably mate 
along complimentary vertical surfaces 20, 22 when the 
dies nest in a telescoping manner into the semi-closed 
and closed positions as shown in FIGS. 3 and 4. 
The upper die 12 moves vertically relative to the 

?xed die 16 under the action of an actuator means 24 
such as a hydraulic pneumatic actuator attached to a 
?xed upper platen 26 generally acting through a ram or 
rams attached to the moveable upper platen 14. The 
upper die 12 and associated moveable platen 14 move 
vertically along ?xed vertical guide members 28 which 
maintain the dies in alignment. The lower end of guide 
28 is rigidly mounted in the ?xed lower bed 18. 
The dies 12, 16 have a vacuum seal 30 associated 

therewith. As shown in FIGS. 2A4, the seal portion 
attached to upper die 12 comprises an L-shaped bracket 
member 32 having a vertical leg 34 attached to the 
upper die and a horizontal leg 36 extending outward 
perpendicularly from the upper die. The L-shaped 
bracket has a tubular member 38 attached. A lower 
sealing means comprising a horizontally disposed shelf 
40 extending perpendicularly away from lower die 16 
and a raised pointed bead disposed on the shelf 40, the 
bead being adapted to engage the tube 38. The bead 42 
will engage the tube 38 at an intermediate position, as 
shown in FIG. 3, before the dies are fully closed to form 
a sealed vacuum chamber 47 of which mold cavity 46 
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4 
within the die set 10 is a part. The tubing diameter is 
large enough to form the seal before the molding com 
pound 44 flows to ?ll the mold but there is sufficient 
travel allowed by the seal that the dies can be fully 
closed without seal damage. 
A piece of sheet molding compound 44 is placed on 

or in one of the dies when the dies are fully open. With 
the dies 12, 16 in the closed compression molding posi 
tion shown in FIG. 4, the sheet molding compound 44 
located within the cavity will slowly spread to ?ll the 
mold cavity 46 formed between the upper and lower 
dies. 
As is common in compression molding techniques, 

the dies are heated by steam, oil or other heating means 
in order to provide suf?cient energy to cure the resin 
present in the sheet molding compound to a hard ther 
moset condition. 

Referring to the flow diagram shown in FIG. 1, the 
?rst step of any compression molding process is the 
provision of a die and cure base step 48 associated with 
a press suitable for applying the compressive force nec 
essary to cause the sheet molding compound (SMC) to 
spread within the mold cavity as the mold is closed. The 
die is generally started in an open position step 50 with 
suf?cient space between dies to allow the desired quan 
tity of sheet molding compound, normally disposed as 
one or more sheets to be placed between the molds 
——step 52. The compound placed in the mold need not 
be formed in a rectangular shape and may have a con 
?guration when viewed from the top like a dog bone or 
other con?guration dictated by the flow of material 
within the die. Shaped charges are frequently used in 
order to equalize the time it takes for compound flow 
ing from the charge to reach the outer portions of the 
mold. 
The die set 10 is closed to an evacuation position (step 

54) where the vacuum seal 30 is engaged and the inte 
rior cavity 46 of the die set is substantially sealed from 
the atmosphere as part of a vacuum chamber 47. This 
position will be reached before the upper die 12 
contacts the SMC. When practicing this invention, it is 
desired that the plastic flow is primarily in a substan 
tially reduced pressure environment maintained within 
the vacuum chamber 47. 
The vacuum chamber 47 is evacuated in step 56 to the 

desired operating pressure. In general, pressures will be 
reduced in the die cavity to approximately less than 7 
inches of mercury absolute prior to ?nal molding and 
curing of the sheet molding compound. Since many 
sheet molding compounds contain a quantity of low 
molecular weight monomeric or polymeric materials 
used as solvents, reactants, cross-linkers, or catalysts, it 
is desirable to minimize the SMC’s exposure time to the 
reduced pressure prior to the molding and curing of the 
compound. Minimizing the exposure time will minimize 
the amount of low molecular weight constituents that 
are withdrawn from the body of the sheet ‘molding 
compound by the reduced pressre. The vaporization of 
low molecular weight compounds in reduced pressure 
atmospheres is well known and further discussion is not 
necessary. In particular, polyester compounds having 
low shrink characteristics contain a certain amount of 
styrene monomer in addition to the primary polyester 
reactants and a thermoplastic material. With drawing 
excessive amounts of styrene from the surface of the 
part will result in macro porosity and possible discolor 
ation of the parts. Therefore, where polyester resins are 
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used, it is desired to limit the evacuation time of the 
vacuum chamber to no more than 20 seconds. 

After the mold is properly evacuated and the pres 
sure therein has been reduced to approximately less 
than 7 inches of mercury absolute, the die is closed to its 
curing position in step 58 causing the sheet molding 
compound to spread and ?ll the mold cavity. 
The press is maintained in the closed curing position 

during step 60 with the pressure continuously being 
applied by the dies to insure that the pressure is uni 
formly distributed throughout the sheet molding com 
pound. Simultaneously heat is applied to the dies in 
order to cause chemical reaction between the constitu 
ents of the thermosetting resin forming a hard thermo 
set material. The thermoset resin consolidates and holds 
the fibrous reinforcement in a rigid consolidated condi 
tion. 
The vacuum chamber 47 is returned to atmospheric 

pressure when the die has fully closed as shown in FIG. 
4 since vacuum is not necessary and indeed may be 
harmful once the material has spread to completely fill 
the die cavity. 
Yet a further understanding can be had by referring 

to FIG. 5 which illustrates a schematic diagram of the 
die cavity 46, vacuum chamber 47 and associated vac 
uum apparatus 48. The vacuum apparatus has storage 
tanks, a vacuum pump and a plurality of valves. As 
shown, the die cavity 46 represents the schematic mold 
or die set, such as that shown in FIGS. 3 and 4 located 
within vacuum chamber 47, which has a vacuum line 50 
emanating from the interior of the chamber 47. The 
vacuum line 50 has an atmospheric exposure valve 52 
attached to the vacuum line, the valve being operable 
between a ?rst open position allowing atmospheric air 
to enter the valve in the vacuum line and a second 
closed position blocking the movement of air from the 
atmosphere into the vacuum line. 
A vacuum line control valve 54 is disposed in the 

vacuum line 50 between the atmospheric exposure 
valve 52 and a vacuum pump 56 and associated vacuum 
storage tanks 58. In the open position, vacuum valve 54 
connects the vacuum pump 56 and associated vacuum 
storage tanks 58 to the vacuum line 50. In the closed 
position, vacuum line valve 54 isolates the pump and its 
associated storage tanks 58 from the remainder of the 
system. 
Three vacuum tanks 58 are shown separately con 

nected to the terminus of the vacuum line by means of 
secondary vacuum lines 60 having secondary vacuum 
valve members disposed therein. In the open position, 
the secondary vacuum valve 62 will expose the vacuum 
line to the vacuum present within an associated vacuum 
storage tank 58 and in the closed position will isolate the 
associated vacuum tank from the remainder of the sys 
tern. 

The vacuum pump 56 is shown permanently con 
nected to the terminus of the vacuum line 50. The vac 
uum pumps contemplated in the use of thisinvention 
can be positive displacement rotary vanes with an oil 
seal and water cooling. Such pumps are standard and 
well known in the art. Other forms of vacuum pumps 
can also be used. 
The vacuum tanks or vacuum surge tanks 58 used can 

be standard water or propane type tanks, said tanks 
having suf?cient strength to withstand atmospheric 
pressure when the interior of the chamber has been 
evacuated to approximately 7 inches of mercury abso 
lute. 
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In operation, when the die set 10 has reached the 

evacuation position as shown in FIG. 3, and there is a 
vacuum seal, the atmospheric valve 52 will close and 
the vacuum l-ine valve 54 will open exposing the interior 
of the mold cavity to the pumping action of the vacuum 
pump 56. A vacuum tank valve 62 will open for a short 
period of time, for example approximately 1 to 4 sec 
onds and then close entrapping a substantial quantity of 
air contained in the vacuum chamber 47. A second 
vacuum tank valve will open for approximately 1 to 4 
seconds withdrawing a substantial portion of the re 
maining atmosphere contained in the vacuum chamber 
47 into the second associated vacuum tank at which 
time the second valve will close and a third valve will 
open exposing the vacuum chamber 47 to the rapid 
withdrawal action of the third associated vacuum tank. 
After all three vacuum tanks have been opened in se 
quence, the vacuum pump will continue to pump the die 
cavity 46 until the desired reduced pressure is reached 
at which time the die will close to the pressing or part 
forming position shown in FIG. 4. Once the die 10 has 
reached its fully closed position, the vacuum line valve 
54 will close isolating the vacuum pump and associated 
tanks from the vacuum system and the atmospheric 
valve 52 will open allowing atmospheric pressure to 
flow back into the vacuum chamber 47. After the vac 
uum line valve 54 has been closed, the vacuum tank 
valves 62 will open and the vacuum pump 56 will empty 
the vacuum tanks for the next molding cycle. 

In general, the volume of the tanks to be used will 
depend on the volume of the die cavity when the mold 
is in the evacuating position. Using a vacuum tank hav 
ing a volume approximately equal to the vacuum cham 
ber to be evacuated will result in reducing the pressure 
in the vacuum chamber by a factor of approximately 
one-half each time as evacuated vacuum tank is exposed 
to the system. Thus, by using three tanks it is possible to 
reduce the pressure in the die cavity to about one-eighth 
of the beginning pressure in a matter of approximately 3 
to 12 seconds. If greater reduction is necessary, use of 
larger chambers or more chambers is possible. 
A further way in which to reduce ‘the amount of gas 

which must be removed from the vacuum chamber in 
order to achieve the desired pressure is to reduce its 
internal volume. Because the vacuum seal 30 is disposed 
about the periphery of the die, the vacuum chamber’s 
volume which is contained within the vacuum seal can 
represent a considerable volume. This is especially true 
since the seal 30 must be shaped so as to allow it to 
function within the press necessitating certain compro 
mises with respect to the shape of the seal and its loca 
tion on the die set. Portions of the vacuum chamber 
which are not subjected to compression during the 
molding cycle, can be completely or partially ?lled 
with closed cell foam material which effectively re 
duces the volume to be evacuated during the evacuation 
cycle. 
As shown, the system has used three vacuum tanks. 

More vacuum tanks may be used if desired, however, 
vacuum tanks in excess of approximately four or ?ve 
represent a substantial member of operations necessary 
to evacuate the vacuum chamber and the use of more 
than three tanks would generally not be desirable from 
a production standpoint. Use of only a single tank equal 
in volume to the space to be evacuated within the die 
cavity results in reducing the pressure by a factor of 
only one-half and has been found that the use of a plu 
rality of tanks provides the desired rapid evacuation in 
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the vacuum chamber without undue complexity of ma 
chinery and control mechanisms. 
FIGS. 6, 7 and 8 show additional seal con?gurations 

useful in the practice of this invention. With reference 
initially to FIG. 6, the exterior of upper die 12 has been 
?nished to a smooth parallel condition. A moveable 
ring 64 is mounted on a horizontal arm 66 which ex‘ 
tends radially inward from an air cylinder 68 mounted 
to the press frame (not shown). The moveable ring 64 
has a wiper blade and seal 70 mounted in a position to 
contact the side wall of die 12. The lower die exterior 
has an L-shaped (in cross-section) collar 72 attached 
thereto with one ?ange extending perpendicularly out 
ward from the die wall. A strip of tubing 73 such as 
silicone tubing is disposed on the upper surface of the 
collar where it is contacted by a horizontally extending 
flange 74 of moveable ring 64. The ?ange 74 will 
contact the tube 73 when the dies are closed to the 
evacuating position. 
FIG. 7 shows a sealing means formed of two compli 

mentary elastomeric members 76 and 78 disposed about 
the periphery of the upper die 12 and base 16. As 
shown, sealing member 76 has a lip 80 depending there 
from toward the second sealing member 78. The second 
sealing member has a complimentary channel 82 
adapted to receive the lip 80 to form a seal. 
FIG. 8 shows a seal means similar to FIG. 6 except 

moveable ring 64 has a ?exible diaphragm 84 sealing the 
ring to the moveable upper die. The outer periphery of 
the diaphragm is attached to the moveable ring and the 
inner edge of the diaphragm is attached to the upper 
die. 

Various alternations and modi?cations of this inven 
tion will become apparent to those skilled in the art 
without departing from the scope and spirit of this in 
vention. It is to be understood that this invention is not 
limited to the illustrative embodiments set forth herein 
before. 
What is claimed is: 
1. Apparatus for compression molding a part from a 

charge having a curable resin therein, said apparatus 
comprising: 
upper and lower die members de?ning a mold cavity 

therebetween generally corresponding to the shape 
of the desired part when the dies are closed; 

press means for moving the die members relative to 
each other, said press means being operative to 
move the die members to an open position where 
the die members are spaced apart a suf?cient dis 
tance to permit the charge to be placed on the 
lower mold, said press means being further opera 
tive to move the die members to a partially closed 
position where the mold cavity is essentially de 
?ned, but the upper die remains spaced from the 
charge, and said press means being subsequently 
operative to move the die members to a fully 
closed position where the upper die member 
contacts the charge causing it to spread and ?ll the 
cavity; 

a ?xed member providing a ?rst horizontally extend 
ing surface, said ?xed member surrounding the 
lower die and connected thereto in a ?uid-tight 
manner; 

a vertically movable ring member surrounding, yet 
spaced from, the upper die, which provides a sec 
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8 
0nd horizontal surface aligned with the ?rst hori 
zontal surface; 

a resilient seal on one of the ?rst or second horizontal 

surfaces; 
flexible diaphragm means having an inner edge rig 

idly attached to the upper die and an outer periph 
ery rigidly attached to the ring member for sealing 
the space between the ring and upper die while 
permitting relative vertical movement therebe 
tween; 

cylinder means for moving said ring member relative 
to the upper die member and being adapted to press 
the ring member surface against the ?rst surface of 
the ?xed member to create an air seal therebetween 
when the die members are moved to be partially 
closed position thereby de?ning a sealed vacuum 
chamber surrounding the mold cavity; 

vacuum means for evacuating the sealed vacuum 
chamber to a reduced pressure of less than 7 inches 
of mercury absolute within less than 20 seconds; 
and 

said press means being operable to move the upper 
die to the fully closed position after the vacuum 
chamber has been evacuated whereby the resin in 
the mold cavity can spread and cure to form the 
?nished part. 

.2. The apparatus of claim 1 wherein the vacuum 
means includes; ’ 

a plurality of tanks each having a volume at least as 
great as the volume of the mold cavity; 

a ?rst set of valves, each valve being associated with 
one of the tanks; 

a vacuum pump; 

means for connecting the vacuum pump to each of 
the tanks through the ?rst set of valves, operative 
to evacuate the tanks when the valves are open, 
with the valves being subsequently closed after 
evacuation thereof; 

a passageway connecting the tanks and the vacuum 
pump to the vacuum chamber; 

a second valve in said passageway adapted to control 
fluid communication between the vacuum chamber 
and the pump and tanks; and 

an atmospheric valve adapted to expose the vacuum 
chamber to atmospheric pressure; and 

wherein said atmospheric valve is closed and the 
second valve open when the die members are 
moved to the partially closed position, with the 
?rst set of valves being adapted to sequentially 
open and close to thereby evacuate air in the mold 
cavity into the individual tanks; and wherein the 
second valve is closed and the atmospheric valve 
opened to re-expose the mold cavity to atmo 
spheric pressure after the die members have been 
moved to the fully closed position. 

3. The apparatus of claim 1 wherein said resilient 
means comprises: 

a ?exible tube mounted to the horizontal surface of 
the ring member. 

4. The apparatus of claim 1 wherein closed cell foam 
material is disposed interiorly of the seal between the 
?rst and second horizontal surfaces and the mold cavity 
?lled with the charge to thereby reduce the effective 
volume to be evacuated. 
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